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STUDY OF THE ~ E F O ~ A T ~ O N  OF CER-YIT I N  RESPONSE TU 

ELECTRONIC IRRADIATION 

J. Bourrieau and M .  Romero 
Toulouse Study and Research Center 

Department of Space Technology Study and Research 

I e In t roduc t ion  

When a material -- a component -- i s  sen t  i n t o  space, dur ing  - / * 
passage through t h e  magnetosphere it i s  exposed t o  r a d i a t i o n  which 
may a l t e r  i t .  Thus an attempt must f irst  be made t o  determine 
t h a t  it i s  s a t i s f a c t o r i l y  r e s i s t a n t  t o  i r r a d i a t i o n  on t h e  ground. 

T h i s  appa ren t ly  simple reasoning  a c t u a l l y  ra ises  a complex 
ques t ion ,  that  of t h e  procedure which should be used t o  o b t a i n  
maximum c e r t a i n t y  as t o  t h e  v a l i d i t y  of t h e  s imula t ion .  

The i r r a d i a t i o n  a c t u a l l y  undergone by  t h e  s a t e l l i t e  i n  space 
has t h e  fol lowing c h a r a c t e r i s t i c s :  

-- s e v e r a l  t y p e s  of r a d i a t i o n  ( e l e c t r o n s ,  p ro tons ,  IN, e t c . )  
are rece ived  s imultaneously,  each of these being mul t i -energe t ic  
and omnidi rec t iona l ;  

-- f l u x  l e v e l s  are low; 

-- temperature  condi t ions  are established by the s a t e l l i t e ;  

-- t h e  ambient medium i s  a vacuum, o r ,  worse, r e s i d u e s  from 
degassing. 

%Slash marks i n  the a a r g f n  i n d i c a t e  a new page i n  t h e  f o r e i g n  t e x t .  
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A t  t h e  p re sen t  time it  i s  impossible  t o  ob ta in  a l l  these  
cond i t ions  I n  the l abora to ry ,  e i ther  f o r  r easons  of t i m e  (missions 
l a s t i n g  f o r  a pe r iod  on t h e  

s imula t ion ) ,  material ( t h e  d i f f i c u l t y  o f  s imultaneously producing 
2 i f f e r e n t  t y p e s  of r a d i a t i o n ,  and t h e  f r equen t  i m p o s s i b i l i t y  
3f keeping t o  t h e i r  i n t e n s i t y  r a t i o s  and t h e i r  energy s p e c t r a )  
2nd c o s t .  

o rde r  of a year", t hus  making it 
necessary  t o  i n c r e a s e  t he  f l u x  l e v e l  by a f a c t o r  of l o 3  t o  10 5 f o r  

The s imples t  t y p e  of l abora to ry  i r r a d i a t i o n  i s  obta ined  w i t h  

s c c e l e r a t o r s ,  and thus  w i t h  monodirect ional  and mono-energegic 
r a d i a t i o n  w i t h  a r e l a t i v e l y  high f l u x  l e v e l  e 

Some of t h e  p rev ious ly  desc r ibed  cond i t ions  may be obta ined ,  
f o r  example: 

-- low f l u x  l e v e l  and proper  energy spectrum, by us ing  a 
5r9* source  which i s  u s e f u l  f o r  reproducing t h e  background no i se  
produced by e l e c t r o n s  i n  t h e  d e t e c t o r s ;  

-- t h e  m u l t i d i r e c t i o n a l  a spec t ,  w i t h  t h e  use of an  appropr i a t e  
r o t a t i n g  device ;  

-- s imul t ane i ty  o f  s e v e r a l  t y p e s  of i r r a d i a t i o n ;  

-- i n  s i t u  measurements, p revent ing  p o s s i b l e  recovery upon 
exposure t o  the  a i r .  

I. Nevertheless  the s imula t ion  w i l l  no t  be p e r f e c t ,  s i n c e  it 
w i l l  no t  reproduce the  space environment e x a c t l y .  
I n  o rde r  t o  choose the  parameters which w i l l  d e f ine  the most rep- 
r e s e n t a t i v e  whole (that is ,  which w i l l  produce degrada t ion  
znalogous t o  tha t  occur r ing  i n  space)  and i f  poss ib l e ,  t h e  l e a s t  
2 O s t l y  conditions, it is necessary to have a f a i r l y  accu ra t e  idea of 

Consequently, 
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the  in f luence  of t h e  f a c t o r s  which are overlooked, and t h u s ,  
r ' i na l ly ,  t h e  phys ica l  phenomena which may be brought i n t o  p l a y ,  

The problem of s imula t ion  occurs  i n  two t y p e s  of s i t u a t i o n s ,  

The f i r s t  i s  t h e  s i t u a t i o n  when the  mission has been def ined ,  
:he shape of t h e  s a t e l l i t e  determined, and a material o r  component 
s e l e c t e d .  The experiment t o  be performed c o n s i s t s  i n  t e s t i n g  the 

s tnength  of  t h i s  m a t e r i a l  or component under well-defined condi- 
" ions;  i t  inc ludes  t h e  fo l lowing  pre l iminary  steps:  

-- c a l c u l a t i o n  of t h e  environmental  f l u x  of pro tons ,  e lec-  
Trons, e t c .  [l]; 

-- c a l c u l a t i o n  of t h e  environment i n s i d e  t h e  space v e h i c l e  
121;  

-- a n a l y s i s  of t h e  t y p e  of degrada t ion  which may be p red ic t ed ;  

-- i f  necessary ,  the  performance of small adjustments  t o  
a s c e r t a i n  t h a t  t h e  parameters assumed t o  be n e g l i g i b l e  a c t u a l l y  
a r e  n e g l i g i b l e ;  

p r i o r  t o  t h e  i r r a d i a t i o n  p e r  se. 

The second s i t u a t i o n  i s  tha t  of t e s t i n g  a material, independent 
Qf t h e  mission def ined ,  o r  comparison of t h i s  m a t e r i a l  w i th  o t h e r  
materials. 

The s e r i e s  o f  s t e p s  i s  summarized i n  Table 1. 

The fol lowing d i s c u s s i o n  w i l l  show how a s p e c i f i c  case  has 
Seen handled: t h e  problem of t h e  CER-'VTT mi r ro r  of the  Meteosat,  
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2, Study of CER-YIT 

2.1.  Analysis of Problem 

Since i r r a d i a t i o n  of CER-VIT support  g r a t i n g s  showed that 
ti2.s material degraded, t h e  problem of t h e  Neteosat m i r r o r  a r o s e .  

problem was analyzed i n  the  fol lowing manner: 

/ - -- The degrada t ion  t o  be s tud ied  i s  s i g n i f i c a n t  only i f  it 
o t c u r s  i n  depth;  t h e  r a d i a t i o n  t o  be used t h e r e f o r e  c o n s i s t s  of 
e k c t r o n s  w i t h  energy on the  order  of a MeV; 

-- No synergic  e f f e c t s  may be expected, s i n c e  t h e  photons are 
arable t o  reach  t h e  p r o t e c t i v e l y  coated material. when It i s  used 
L E  a mount f o p  the  mi r ro r ,  and pro tons  do not p e n e t r a t e  t o  a 
s x f f i c i e n t  depth.  

These are t h e  p o s i t i v e  p o i n t s ,  t o  which one might add the 

fcl lowing reasoning,  which moreover i s  a s imple assumption: 

-- The o p t i c a l  p r o p e r t i e s  are of no importance, and only 
deformation i s  a problem. This deformation can only be re la ted  
tSe displacement of atams, which i n  covalent  c r y s t a l s  i s  g e n e r a l l y  
produced only by impacts; it i s  l o g i c a l  t o  assume tha t  few secon- 
d ~ s y  processes  w i l l  be brought i n t o  p l a y ,  and t h u s  t h e  i r r a d i a t i o n  
I L E ~  be expected t o  remain s imple.  

However, t h i s  i s  only a n  assumption a t  t h i s  stage of t h e  
s x d y ,  and t h e  nega t ive  p o i n t s  a r e  as fol lows:  

-- The in f luence  of the  energy, the  dose r a t e  and the  
t enpe ra tu re  are unknown; 

-- It i s  impossible  to perform the  e n t i r e  series of t es t s  on 
i f u l l - s i z e  s t r u c t u r e  analogous t o  the a c t u a l  mir ror  ( 4 0  cm i n  
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It was t h e r e f o r e  decided t o  perform a pre l iminary  s tudy on 
t h e  m a t e r i a l  i t s e l f ,  independent of t h e  form it  w i l l  be used t o  
coa t ,  i n  order  t o  a s s e s s  t h e  i n f l u e n c e  of t h e  vapious i r r a d i a t i o n  
esrameters and t o  f i g u r e  i t s  degrada t ion .  

2 .2 .  Degradation of CER-VIT i n  Response t o  E l e c t r o n i c  Irradia- 
t ion  

The samples used f o r  t h e  tests were d i s k s  40 m i n  diameter  
2nd 8 mm t h i c k .  

During t h e  i r r a d i a t i o n  they were placed on a cooled 
?o lder .  

The deformation was measured by photogdaphical ly  record ing  
:he i n t e r f e r e n c e  f r i n g e s  formed wf th in  t he  wedge of a i r  c r e a t e d  
jetween t h e  i r r a d i a t e d  sample and a c o n t r o l  (Fig.  1). The l i g h t  
source was a 6328 8 laser. 

I n  a d d i t i o n ,  v a r i a t i o n s  i n  the system of f r i n g e s  as a func t ion  1 - 
3f t h e  s to rage  %%me a f t e r  i r r a d i a t i o n  were monitored a t  va r ious  
:emperatures i n  o rde r  t o  determine and a c c e l e r a t e  p o s s i b l e  r e -  
sovery processes .  

2 . 2 . 1 .  Depth of  Colora t ion  

The darkening o f  t h e  i r r a d i a t e d  area made i t  p o s s i b l e  t o  
xeasure i t s  depth,  which v a r i e d  as  a f u n c t i o n  of t h e  energy of 
she i n c i d e n t  e l e c t r o n s ;  here t h i s  was 0.47 MeV, 0.87 MeV and 
1.37 MeV. 

T h i s  t h i ckness  was a l s o  c a l c u l a t e d  by  means of a program l 2 1 ,  
Yaking m u l t i p l e  s c a t t e r i n g  i n t o  account ,  
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The r e s u l t s  are summarized i n  Table  2 ,  

2 .2 .2 .  Degradation Curves a t  Various Energy Levels 

The deformation was pa rabo l i c  i n  shape f o r  completely 
:?radiated CER-VIT b locks  (F ig .  2 ) .  F ig .  3 shows t h e  amplitude 
cf  t h e  deformation as a f u n c t i o n  of t h e  f l u x  rece ived  a t  va r ious  
ELzctron energy l e v e l s  (1.37, 0.87 and 0 .47  MeV) and a t  a f i x e d  
A -  p-xx  l e v e l  ( 5 . 1 0 ~ '  e-/cm-2/sec-1). 

T h i s  deformation a c t u a l l y  cons i s t ed  i n  t h e  appearance o f  
s concavi ty ,  which was c o n t r o l l e d  by  determining the d i r e c t i o n  of 
CLsplacement of t h e  f r i n g e s  and b y  us ing  a microscope w i t h  a 
s 3 r t  depth  of  f i e l d .  The m a t e r i a l  con t r ac t ed  i n  response t o  

eLectron i r r a d i a t i o n ;  t h i s  behavior may be compared w i t h  t h a t  of 
v l t r e o u s  s i l i c a ,  whose d e n s i t y  i n c r e a s e s  under i r r a d i a t i o n  C31. 

The deformation i n c r e a s e s  wi th  t h e  energy of t h e  i n c i d e n t  

2 e l e c t r o n s  of 1.37 MeV pe r  cm , and i s  n e g l i g i b l e  f o r  e l e c t r o n s  
F z r t i c l e s .  It reaches  an amplitude i n  t h e  v i c i n i t y  of  3 , v m  f o r  

c? less than  0 .5  MeV. 

2.2.3. In f luence  of Flux Level 

The i r r a d i a t i o n  was performed with a f l u x  l e v e l  of 7 . 1 0  
2 e-/cm /sec and an energy l e v e l  of 1.37 MeV; t h e  r e s u l t s  were com- 

r=rable  t o  those  prev ious ly  obta ined .  The f a c t o r  of 1 0  on t h e  f l u x  
l e v e l  d i d  not  produce any d i f f e r e n c e  i n  t h e  amplitude o f  t h e  , 

degradat ion e 
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2.2.4.  I n f luence  of Annealing 

Severa l  samples s t o r e d  a t  t h e  ambient temperature  f o r  three 
%f?eks were measured a t  i n c r e a s i n g  t ime i n t e r v a l s .  No v a r i a t i o n s  
&=re observed. - -c 



The recoyery which u s u a l l y  occurs  when irradiated glass i s  
heated t o  high temperatures  was a l s o  obtained wi th  CER-YIT (F ig ,  
4 ) .  The decrease  i n  deformation occurred i n  conJunction w i t h  a 
disappearance of c o l o r  from t h e  material, which ,a f te r  4 h r s  at 
45OoC, r e tg rned  t o  i t s  i n i t i a l  cond i t ion .  

2 .2 .5 .  I n t e r p r e t a t i o n  of Resu l t s  

Deformation was observed, s i n c e  the  upper part of t h e  d i s k  

con t r ac t ed  ir, response t o  i r r a d i a t i o n ,  while t h e  lower par t  re- 
mained una f fec t ed .  

I n  order  t o  a s s e s s  t h e  order  of magnitude of t h e  deformation 
c o e f f i c i e n t ,  t h e  method chosen was t o  put  t h e  block i n  t h e  form of 
a bimetal. d i s k  c41.  I n  order  t o  u se  t h e  equat ions  f o r  t he  s t r e n g t h  
of m a t e r i a l s  t o  handle t h i s  problem, it was necessary t o  s e t  up 
two hypotheses (which obviously were at  l e a s t  p a r t l y  f a l s e ) :  

-- The d i s k  i s  assumed t o  be t h i n  (he re ,  8 mm, a n e g l i g i b l e  
q u a n t i t y  i n  comparison t o  4 0  mm); 

-- The degrada t ion  i s  assumed uniform throughout t h e  irradiated 
par t ,  as i s  t h e  mean l i n e a r  c o n t r a c t i o n  c o e f f i c i e n t .  

With t he  deformed part y ( r ) ,  one f i n d s  [ 4 ] :  

where y r e p r e s e n t s  t h e  deformed par t ,  r the c u r r e n t  po in t  on the  
r a d i u s ,  h t h e  t h i c k n e s s  of t h e  d i s k ,  and h l  t h e  i r r a d i a t e d  t h i c k -  
nes s  * 

Appl ica t ion  of t h i s  formula t o  t h e  r e s u l t s  obtained f o r  t he  
energy l e v e l s  1.37 artd 0.84 NeV f u r n i s h e s  the  curve f o r  t h e  l i n e a r  
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contraction coefficient as a function of the density of absorbed 
energy, which is given in Fig. 5. 

It may be seen that as long as the accuracy of" the results 
and calculations is sufficient, the energy of the particle becomes 
slgnificant only as a function of the depth of penetration, which 

is a factor which can easily be computed [21 and taken into ac- 
count. 

Since the assumptions made for the computations were obviously 
false, while it was impossible t o  determine the extent of their 
inaccuracy, a more direct experiment was performed. This consist- 
ed in using a CER-VIT sample in the form of a, bar 40 mm long  and 
with a cross-sectional area of 4 mm .) Irradiation with electrons 
of 1.37 MeV supplied a dose distribution which, although not 
uniform, did cover the entire sample. The linear contraction was 
obtained directly for a flux of 2*10L5 e-/cm2. 

2 

Measurement yielded a coefficient: 

-4 a = 3 . 5 0 1 0  

while the preceding calculations had predicted: 

- 4  a = 1.5.10 . 

The order of magnitude was thus found to be the same (which is 
satisfactory for computation of the strength of materials and 
with the assumptions made in this case). 

2.3. Irradiation of CER-VIT Mount 40 cm in Diameter 

Qn the b a s i s  of' the preceding results, it was possible to 
determine the irradiation parameters (energy and flux level) for 
irradiation of the complete device. 



The shape of the mirror mount reserved for this purpose was 
z-ot the same as that finally used. The outer and inner circum- 
Zerence of the mount was stiffened by t w o  skirts 10 mm 'chick and 
:D mm high. This structure was highly resistant to deformation: 
-=sing the terms for strength of materials with reference to a 
Thermocouple embedded at its periphery, it may be seen that the 
simultaneous production of deformation due to contraction and 
leformation due to the moment produced by the embedding yields a 
zero result as long as the embedding prevails, even though sig- 
xificant internal stresses are developed as a consequence. 

On the other hand, it is extremely difficult to quantify this 
lualitative analysis, that is, to assess the extent to which 
ztiffness may be obtained by embedding. 

Measurements of the possible degradation were performed by 
yecording a foucaultgram of the surface with its coating (Photo- 
graph 2, Ref. [ S I ) .  

No deformation was observed, even for the maxjmum flux of 
I4 - 5 = 1 0  e with 1.37  MeV per square centimeter. 

However, a new problem resulted from this irradiation. It 
sppears that, t o  the extent that the presence of metallization 
?errnits an assessment of this phenomenon, the darkening of this 
zirror may be less significant than that observed in the control 
samples during the same irradiation. This raises the question of 
zhe reproducibility of the behavior of the material as a function 
3f the casting processes it has undergone. However, we have had 
neither a confirmation nor a deRial of this coloration, since to 
3ur knowledge the requestor has not yet proceeded with demetal- 
7,ization of the mirror. 

Even if the deformation of the mirror is not significant, due 
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to its structure, the existence of a high contraction coefficient 
in response to irradiation will produce stresses xithin the 
material. Further research is therefore under way to test other 
materials such as Verodur (whose behavior appears to be very 
similar) and silica. 

The physical interpretation which we will suggest, f o r  lack 
of any proven explanation, is the so-called "sandpile" explanation: 
that is, that the effect of the radiation is to decrease the gaps 
present in these vitreous structures, in the same as one may de- 

crease the volume of a pile of sand by vibrating it. We were led 
to this interpretation by the behavior of vitreous or crystallized 
silica in response to neutron irradiation [3].  

This study has led to the following conclusions: 

-- First, that the risk of degradation by irradiation does 
exist, even for a material initially believed to be relatively 
solid and functioning only for support; 

-- That the problem of simulation is a complex one; this, of 
coupse, is because the phenomena themselves are complex, but 
especially because there have been no previous experiments in this 
area. 

On the basis of these observations, satisfactory qualifica- 
tion of a material or component may be considered to include the. 
following steps: 

-- A general preliminary study of the material or component 
conducted experimentally or on the basis of previously acquired 
information; the initial purpose of this study would be to assess 
the influence of t h e  various parameters and to subject the material 
or component to a more or less complex irradiation representing 
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adaptation to a "standard mission"; in addition this study would 
permit comparison with other components of the same type, making 
it possible to choose among them; this is the "test" or "choice" 
irradiation ; 

-- Second, when this material or component has been chosen 
f o r  a specific mission, if the preceding study has not been su r -  
ficient, due to the order of magnitude, the dose, too limited a 
sensitivity, the nature of the structure assigned to a component 
composed of a material which has already been studied, or any 
other reasons, an irradiation may be performed using more ac- 
curately computed parameters; this will be the actual "qualifying" 
irradiation. 

TABLE 1 

-- B - - -  

Key: a. Acquired experience. e. Checking of overlooked 
b. Test cir choice. terms. 
c. Weak points of material or f. Qualification for a xis- 

d. Prediction of mechanism; choice [Continued on following 
component. sion. 

of negligible pasameters. page e 3 
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g *  

h. 
i. 

Ca lcu la t ions :  space environment; 
veh ic l e .  
Choice of condi t ions .  
Production of i r r a d i a t i o n .  

Energy 
(MeV 1 

0 .47  

-- 

0.87  

1 . 3 7  

TABLE 

Depth o f  
Colora t ion  (mm) 

0.4 ' 

a w*'w* b 

1.35  

2.35 

F i g .  1. 

e 

Key: a. S c a t t e r e r .  
b .  Semi-transparent 

s t r i p .  
c .  Reference. 
d .  Sample.  
e.  Lens. 

2 

environment w i t h j n  

Computed 
Depth (mm) 

0 . 5  

1 . 3  

2.3 

Elec t ron  
P a t h s  ( m m >  

0 .7  

1.8 

3 . 1  

Fig. 2. 



F 

Fig. 3. Degradation curves of CER-VIT blocks (diameter = 
40 mm, e = 8 mm) f o r  s e v e r a l  energy l e v e l s  of i n -  
c i d e n t  e l e c t r o n s .  

Key: a .  Absolute value of d e f l e c t i o n  (microns), 
b .  Energy. 
c .  E lec t ron  flux. 



Fig. 

Key : 

Fig. 

Key 2 

4 .  

a. 

5. 

a. 
b .  

i 
. 

Variations in maximum flux ~ ( E I )  with storage time 
at various temperatures. 

Time in h o u r s .  

Linear contraction coefficient, 

Computed contraction coefficient. 
Density of energy absorbed. 
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( a )  P r i o r  t o  i r r a d i a t i o n .  ( b )  Af te r  10l6 e/cm2 (energy 1.37 
MeV). 

Photograph 1 ( a  and b ) .  Deformation of t h e  s y s t e m  of f r i n g e s  
obtained w i t h  a CER-VIT block 40 mm i n  diameter  and 8 mm t h i c k .  

(a )  P r i o r  t o  i r r a d i a t i o n .  ( b )  After 5*1014 e/cm-2 (energy 
1.37 MeV). 

Photograph 2 (a  and b ) .  Foucaultgrams obta ined  w i t h  a CER-VIT 
mir ro r  400 mm i n  diameter. 
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